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Situation Awareness for Mission Operations

• Situation awareness (both current and historical) is
critical to mission operations

• Current awareness:
Real-time telemetry and communication feeds provide the basis for
current situation awareness

• Historical awareness:
Mission documents, reports, logs, data provide the basis for
historical situation awareness

• Effective decision-making depends on an accurate
knowledge of the current operating situation and historical
precedents
• Information retrieval is an essential component of the
decision-making process



Flight Controller’s Information Retrieval Process

search

assemble

skim

discard

integrate

act

for relevant situational awareness information

information from multiple, heterogeneous sources

assembled information to determine relevance

irrelevant information

remaining information to synthesize the “big picture”

in a manner consistent with assessed situation

Largely a manual process



NASA Mission Control – Flight Controller Console

Current Practice

 Every flight controller must access thousands of
pieces of info spread over numerous data bases,
documents, spreadsheets, emails, web sites, etc



What’s wrong with the current information
infrastructure?

 Information access is document-centric, not
situation-centric (i.e., event-, issue-, or activity-centric)

 After an situation occurs, no breadcrumb trail
remains to tie information together

 Situation-relevant information is fragmented
across many different sources

 Interrelationships between information are not
captured

Information Lacks Context!



IFI
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Information Context

Context encompasses all operationally-relevant
information connected with a given event/issue

Event:
In-flight
Anomaly

Anomaly
Report

Just the tip of the iceberg!



Search Tools for Mission Operations

 Purpose:
 Improve Flight Controller situational awareness:

• Enhance Flight Controller access to widely dispersed operations info
• Situate information presented in relation to other relevant information

 Approach:
 Integrate Search

• Search across multiple information sources simultaneously
– Flight control resources, engineering resources, other data resources

• Search across heterogeneously formatted information
– Databases, documents, web sites

 Improve Search
• Modern full-text search (vs. title-only search)
• Query expansion using synonyms/acronyms/taxonomies

 Contextualize Search
• Situate search results by recovering web of interrelationships
• Enable issue/activity/event-centered search vs. document-centered search



Context Recovery

 Recover relationships among information:
1. Analyze document text for explicit references to

other documents, events, activities, or issues
2. Perform inter-document similarity analysis to

determine implicit relationships among documents



Context Recovery Illustration

Chit 004361

Time

...This chit implements a
Resolution to the primary
ALS heater failure described 
in Anomaly #447...Based on
information described in 
FN F0121902,temperature 
instability began at ...

Chit 004374

...This chit revises
the policy established
in Chit 004361

...temperature instability
was observed shortly after
the primary ALS heater 
failure was detected...

EFN F013094EFN F0121902

AR 00447

CITES

CITED-BY

similar terms

SIMILAR-TO



Actual Cross-referencing in Chits/FNs/ARs

Opportunities:
• Hyperlinking
• Navigation and search

Also part #, s/n references



XSearch System: Search Results Page

C: Cites
B: Cited By
S: Similar To



XSearch System: Cross Reference Page



Cross-reference Tabs Displaying
PRACAs, IFIs, and Parts



Flight Note Containing
Part #  Cross-references



Similarity Search

 Goal: Find Chits (or Flight Notes or
Anomalies) that are similar to a given
Chit/FN/AR

 Method: Use well-known statistical methods
from the field of Information Retrieval to
analyze text and determine the degree of
similarity between two blocks of text
(TF-IDF vector space method)



Vector Space Method

                                                                  

                                        Vector Space

• Model document in a multi-dimensional vector space 
• Each dimension represents a term (found within some document) 
• Each chit is represented as a point in the space described by a vector:
    <t1, t2, t3, t4, …. tn> 
• Dimensions normalized by frequency of occurrence
• Similarity between two points is measured by the cosine of the angle 
   between their two vectors. 



Ultimate Goal:
Build Up Integrated Semantic Data Model

Plan

Chit

Operator

Flight Note

Event

Anomaly

• Provides unifying context for all mission operations information
• Supports semantic search and inference capabilities
• Leverages Semantic Web R&D

Subsystem


